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We assessed the impact of antiviral preventive strategies on the incidence of herpes simplex virus (HSV) and varicella-zoster virus (VZV) infections in a nationwide cohort of transplant recipients. Risk factors for the development of HSV or VZV infection were assessed by Cox proportional hazards regression. We included 2781 patients (56% kidney, 20% liver, 10% lung, 7.3% heart, 6.7% others). Overall, 1264 (45%) patients received antiviral prophylaxis (ganciclovir or valganciclovir, n = 1145; acyclovir or valacyclovir, n = 138). Incidence of HSV and VZV infections was 28.9 and 12.1 cases, respectively, per 1000 person-years. Incidence of HSV and VZV infections at 1 year after transplant was 4.6% (95% confidence interval [CI] 3.5-5.8) in patients receiving antiviral prophylaxis versus 12.3% (95% CI 10.7-14) in patients without prophylaxis; this was observed particularly for HSV infections (3% [95% CI 2.2-4] versus 9.8% [95% CI 8.4-11.4], respectively). A lower rate of HSV and VZV infections was also seen in donor or recipient cytomegalovirus-positive patients receiving ganciclovir or valganciclovir prophylaxis compared with a preemptive approach. Female sex (hazard ratio [HR] 1.663, p = 0.001), HSV seropositivity (HR 5.198 , p < 0.001), previous episodes of rejection (HR 1.95, p = 0.004), and use of a preemptive approach (HR 2.841, p = 0.017) were significantly associated with a higher risk of HSV infection. Although HSV and VZV infections were common after transplantation, antiviral prophylaxis significantly reduced symptomatic HSV infections.
Introduction
Herpes simplex viruses type 1 and 2 (HSV-1 and HSV-2), and varicella-zoster virus (VZV) belong to the Alphaherpesvirinae subfamily and are characterized by establishing latency in the sensitive nerve root ganglia after primary infection (1, 2) . Both HSV and VZV infections are a common cause of mild to moderate illness in immunocompetent patients. In solid organ transplant (SOT) recipients, reactivation of HSV and VZV is common as a consequence of impaired cell-mediated immunity on account of the immunosuppressive drugs, and the clinical manifestation tends to be more severe and prolonged than in immunocompetent individuals (3, 4) .
The best strategy to prevent HSV and VZV infections after transplantation has not yet been clearly defined. In the absence of antiherpes prophylaxis, up to 25-35% of seropositive patients will reactivate HSV, particularly in the first weeks following transplantation (5, 6) . Regarding VZV, the incidence of herpes zoster increases over months after transplantation and may affect up to 15% of patients at 5 years after transplant (7, 8) . Routine antiviral prophylaxis with ganciclovir or valganciclovir for the prevention of cytomegalovirus (CMV) infection has been linked to lower HSV and VZV reactivation rates (9, 10) . In patients who are followed by a preemptive approach (i.e. monitoring of CMV replication and administration of an antiviral drug only in patients with active replication) or have low risk of CMV infection (i.e. CMV-seronegative recipient receiving an organ from a CMV-seronegative donor [DÀ/RÀ]), specific antiherpes prophylaxis with acyclovir or valacyclovir is generally recommended to reduce the incidence of symptomatic reactivation of these viruses (4, 10) . However, few data have analyzed the impact of different anti-CMV preventive strategies using ganciclovir or valganciclovir on the incidence of HSV and VZV infection.
The aim of this nationwide observational cohort study was to describe the clinical characteristics and analyze the risk factors of a-herpesvirus infections after transplantation, with the particular aim of assessing the impact of the different preventive strategies (prophylaxis with ganciclovir or valganciclovir vs. a preemptive approach) against CMV infection on the incidence of symptomatic HSV and VZV infections.
Material and Methods

Study design
We conducted a nested project based on existing data from the multicenter nationwide observational Swiss Transplant Cohort Study (STCS) (11) . Specifically for the current study, we included all SOT recipients enrolled in the STCS from May 2008 to December 2014. All six Swiss transplant centers participate in the STCS, and for this period, %95% of all recipients of SOT performed in Switzerland consented to be included. The STCS was approved by the local ethics committee for clinical research for each participating center, and patients gave written informed consent.
Data collection
Clinical data extracted from the STCS database included demographic characteristics, type of transplant, immunosuppressive regimens (induction and maintenance drugs), pretransplant donor and recipient CMV serostatus, and pretransplant HSV and VZV serologies of the recipient. Data recorded with regard to antiviral prevention were the type of antiviral drug (ganciclovir, valganciclovir, acyclovir, valacyclovir) and the length of prophylaxis duration. Data recorded on symptomatic HSV and VZV infection were the site of infection (mucocutaneous vs. nonmucocutaneous disease), number of episodes per patient, and use of antiviral therapy for treating active infection. From September 2012, additional data were recorded including reduction of immunosuppression and need for hospitalization following an episode of infection. We also recorded the incidence of acute rejection, graft loss, and mortality.
Clinical definitions
In the STCS, viral infections are classified according to standard definitions created by the Infectious Diseases Study Group of the STCS. Each infection episode was validated by a transplant infectious diseases specialist at each center. Symptomatic HSV or VZV disease was diagnosed when clinical manifestations were compatible with HSV or VZV infection, with or without microbiological confirmation by polymerase chain reaction (PCR). Nonmucocutaneous disease was diagnosed in case of clinical manifestations involving the gastrointestinal tract (i.e. esophagus and stomach), the eye, the respiratory tract, and the central nervous system (CNS) and/or a positive PCR in a tissue biopsy, corneal scraping, or cerebrospinal fluid, respectively. Patients with a positive PCR in blood were classified as having viremia, regardless of the presence of other clinical manifestations. Because the extension of the involvement in mucocutaneous infections was not included in the STCS database, we used need for antiviral therapy, reduction of immunosuppression, and hospitalization as surrogate markers for severity of infection. Antiviral prophylaxis for CMV was defined as the use of ganciclovir or valganciclovir started within the first 2 weeks after transplantation. Patients without such a prophylactic treatment who were at risk of CMV disease (D+/RÀ and R+ patients) were considered as being managed by the preemptive approach, as described previously (12) . CMV infection and disease were classified according the definitions published by the American Society of Transplantation guidelines (13) . Antiherpes prophylaxis was defined as the use of acyclovir or valacyclovir in patients not receiving anti-CMV prophylaxis. The use of universal prophylaxis or a preemptive approach for CMV and antiherpes prophylaxis was established according to each center protocol based on CMV serostatus. Because the antiviral prophylaxis (and the type of antiviral drug) depended on the CMV risk constellation, we defined four different groups: (1) CMV DÀ/RÀ patients receiving antiviral prophylaxis (either anti-CMV or antiherpes), (2) CMV DÀ/RÀ patients not receiving anti-CMV or antiherpes prophylaxis, (3) CMV D+/RÀ or R+ patients receiving anti-CMV prophylaxis, and (4) CMV D+/RÀ or R+ patients managed by the preemptive approach. Because only 19 patients in the preemptive approach group received a specific antiherpes prophylaxis, all D+/RÀ or R+ patients managed with a preemptive approach were analyzed as a single group, regardless of whether or not they received antiherpes prophylaxis. Acute rejection was defined for each organ following the standard international criteria (14) .
Statistical analysis
A descriptive analysis was performed to determine patients' baseline characteristics (age, sex, organ transplanted, type of immunosuppressive therapy, CMV serostatus, and HSV and VZV seropositivity), transplant outcome variables (acute rejection, graft loss, death), and episodes of HSV and VZV (median number of episodes per patient, median time from transplantation, and clinical presentation). Cumulative incidence was calculated by organ group to estimate the probability of a first HSV or VZV infection event from transplant, treating death before an event as a competing risk, according to the antiviral prophylaxis used. The impact of the antiviral strategy on HSV or VZV reactivation was analyzed as a timedependent risk factor using a Cox proportional hazards regression model, adjusting for potential confounding factors such as type of organ, episodes of rejection, age, sex, CMV preventive strategy, CMV infection, and HSV or VZV seropositivity before transplant. The impact of the duration of antiviral prophylaxis on the probability of HSV or VZV infection was assessed by logistic regression. All analyses were performed with the statistical software R version 3.2.1 (R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org).
Results
Study population
A total of 2781 SOT recipients (56% kidney, 20% liver, 10% lung, 7.3% heart, 6.7% others) were included in the study. The median age was 54 years (interquartile range [IQR] 42-62 years), and 64% were male. In addition, 76% of patients (1643 of 2155 of patients with available serology) were seropositive for HSV and 95% (2358 of 2477) were seropositive for VZV at the time of transplant. Overall, 1264 (45%) patients received antiviral prophylaxis (with ganciclovir or valganciclovir [n = 1145] or with acyclovir or valacyclovir [n = 138]) for a mean duration of 144 days (kidney, 117 days; liver, 118 days; lung, 237 days; and heart, 138 days). Baseline characteristics and outcomes of the patients according to the development of HSV, VZV, or both infections are detailed in Table 1 . The calculated incidence was 28.9 cases per 1000 person-years of follow-up for HSV infection and 12.1 cases per 1000 person-years of follow-up for VZV infection.
HSV infection
The clinical characteristics of HSV infections are described in Table 2 . Overall, 247 (8.9%) patients developed a total of 289 episodes of symptomatic HSV infection. Eighteen patients developed both HSV and VZV infections. The incidence of first HSV infection at 1, 3, and 6 years after transplant was 6.7% (95% CI 5.8-7.7), 8.7% (95% CI 7.6-9.8), and 9.9% (95% CI 8.7-11.2), respectively ( Figure 1) , with a median time of onset of 66 days after transplantation (IQR 21-336 days). The incidence by type of organ at 1 year after transplantation was 9.4% for heart, 8.4% for liver, 6.5% for kidney, and 1.8% for lung transplant recipients. Overall, 86% of HSV infections were episodes of mucocutaneous disease. Episodes of nonmucocutaneous disease included 16 infections of the gastrointestinal tract (40%), 12 episodes of keratitis (30%), six episodes of respiratory tract infection (15%), and one episode of CNS infection (2.5%).
VZV infection
In total, 110 patients (4.0%) developed VZV infections (including the 18 patients who also developed HSV infection), for a total of 121 episodes ( Table 2 ). The incidence of VZV infection at 1, 3, and 6 years after transplant was 2.1% (95% CI 1.6-2.7), 3.5% (95% CI 2.8-4.2), and 4.4% (95% CI 3.5-5.4), respectively ( Figure 1 ). The median time of onset was 249 days after transplantation (IQR 65-738 days). The incidence of VZV infection by transplant type at 1 year after transplant was 2.3% for kidney, 1.6% for liver, 5.5% for heart, and 0% for lung transplant recipients. Six cases of nonmucocutaneous involvement were diagnosed, including three episodes of CNS disease, two episodes of keratitis, and one case of VZV viremia.
Impact of the antiviral preventive strategy on HSV and VZV infections We analyzed the incidence of both HSV and VZV infections according to the CMV serostatus and the antiviral preventive strategy used after transplant (Figure 2 ). The incidence of HSV and VZV infections at 1 year after transplant was 4.6% (95% CI 3.5-5.8) in patients receiving antiviral prophylaxis (ganciclovir/valganciclovir or acyclovir/valacyclovir) versus 12.3% (95% CI 10.7-14) in patients without any antiviral prophylaxis (p < 0.001) (Figure 2A) . The impact of antiviral prophylaxis was more manifest when looking specifically at HSV infection (3% [95% CI 2.2-4] versus 9.8% [95% CI 8.4-11.4] in patients with and without prophylaxis, respectively).
According to CMV serostatus, the incidence of HSV and VZV infections in D+/RÀ or R+ patients was 4.5% (95% CI 3.4-5.9) in patients receiving ganciclovir or valganciclovir prophylaxis and 13.2% (95% CI 11.3-15.3) in patients followed by the preemptive approach (p < 0.001). In DÀ/RÀ patients, the incidence of HSV and VZV infections at 1 year after transplantation was 2.5% (95% CI 0.8-5.9) versus 10.4% (95% CI 7.7-13.7) in patients with and without any antiviral prophylaxis (p = 0.01), respectively ( Figure 2B ).
When looking separately at each viral infection, the incidence of HSV infection was 2.9% (95% CI 2.1-4.1) in CMV D+/RÀ or R+ patients receiving ganciclovir or valganciclovir prophylaxis versus 10.6% (95% CI 8.9-12.5) in patients followed by the preemptive approach (p < 0.001, prophylaxis vs. preemptive) and 1.2% (95% CI 0.2-4.1) in CMV DÀ/RÀ patients receiving antiviral prophylaxis versus 8.2% (95% CI 5.8-11.1) in DÀ/RÀ patients without antiviral prophylaxis (p = 0.01, with vs. without prophylaxis) ( Figure 2C ). There were no differences in the incidence of VZV infection according to the antiviral preventive strategy used (p = 0.53) (Figure 2D) .
Risk factors for HSV and VZV infections
Variables significantly associated with a higher risk of HSV infection in the multivariate analysis were female sex, HSV seropositivity, previous episodes of acute rejection, and use of a preemptive approach for CMV prevention in D+/RÀ or R+ patients compared with the reference group of DÀ/RÀ with antiviral prophylaxis (Table 3) . Previous episodes of CMV infection were a significant risk factor for HSV infection in the univariate model but not in the multivariate model. For VZV infection, compared with kidney transplantation, heart transplantation was associated with a higher risk and lung transplantation with a lower risk of VZV infection, although this was not statistically significant. Age, sex, previous episodes of rejection, VZV seropositivity, and the antiviral preventive strategy were not significantly associated as risk or protective factors for VZV infection in this model (Table 4) .
Of note, no particular induction or maintenance immunosuppressive regimen was associated with a higher risk of the development of HSV or VZV infections.
Impact of the duration of antiviral prophylaxis on the incidence of HSV and VZV infections
In a logistic regression, we next assessed the risk of HSV and VZV infections according whether the patients had received no antiviral prophylaxis, <3 mo, between 3 and 6 mo, or >6 mo of antiviral prophylaxis (Table 5) . We found that longer duration of prophylaxis indicated lower risk of HSV infection. We did not observe any difference in the incidence of VZV according to the duration of antiviral prophylaxis. 
Discussion
Symptomatic HSV and VZV clinical infections were relatively frequent in the Swiss population of SOT recipients, with incidence during the first year after transplant ranging from 1.8% to 9.4% for HSV and from 0% to 5.5% for VZV, according to the type of organ transplant. These numbers are somewhat lower than those reported in other cohorts (7, 8, 15, 16) , possibly reflecting continuous improvement in the prevention and management of posttransplant viral infections in the current era of transplant medicine.
We found lower incidence of mostly HSV infections in patients receiving antiviral prophylaxis compared with patients followed by the preemptive approach or not receiving specific antiherpes prophylaxis. There are few data in the literature on the impact of antiviral preventive strategies (mostly aimed at preventing CMV infection) on a-herpesvirus infection. In a recent meta-analysis evaluating the efficacy of CMV preventive strategies in SOT recipients (17) , antiviral prophylaxis and preemptive therapy showed similar efficacy in preventing HSV and VZV infections. However, another study including 363 kidney transplant recipients analyzed the incidence of VZV reactivation according to the type of antiviral prophylaxis used. Patients were categorized into three groups: preemptive therapy, universal prophylaxis <3 mo, and universal prophylaxis >3 mo. In this setting, patients followed by preemptive therapy had higher incidence of infection compared with the other groups (80, 54.5, and 13 cases, respectively, per 1000 person-years) (18) . This is in concordance with our results, in which the probability of aherpesvirus infection was higher in patients without antiviral prophylaxis, particularly in patients followed by preemptive therapy compared with patients receiving antiviral drugs. We also observed in our study that patients receiving more than 3 or 6 mo of prophylaxis had the lowest risk of development of HSV infection. The impact of antiviral prophylaxis was seen mainly for HSV infection, likely because of the lower number of VZV infections and the fact that VZV infections appeared later on after transplantation, when most antiviral drugs were no longer prescribed as prophylaxis. This could be also explained by the presence of natural polymorphism of VZV thymidine kinase and DNA polymerase found in in vitro studies, conferring a lower intrinsic antiviral activity of ganciclovir against VZV compared with HSV (19, 20) .
Our data indicate that specific antiherpes prophylaxis in patients not receiving anti-CMV drugs may further reduce the incidence of HSV and VZV infections. Of note, the antiviral agents approved for the prevention and treatment of herpesvirus infections act at the same step of virus replication, inhibiting the viral DNA polymerase. Acyclovir and ganciclovir require phosphorylation to be activated by a thymidine kinase in HSV or VZV and by its homolog UL97 protein kinase in CMV. Because acyclovir and valacyclovir are usually well tolerated and are less expensive than anti-CMV drugs, this strategy might be cost-effective in the setting of organ transplantation. This recommendation can be particularly important regarding HSV seropositivity, female gender, and therapy for acute rejection, the risk factors for HSV infection identified in our study. We found a surprising lower incidence of HSV and VZV infections in lung transplant recipients compared with other types of transplant. Although higher rates of infection have been previously reported in lung transplant recipients (8, (21) (22) (23) (24) , our results can be explained by a longer duration of antiviral prophylaxis used in these patients compared with other organ transplants. Finally, we found that both acyclovir/ valacyclovir and ganciclovir/valganciclovir seemed equally effective for the prevention of a-herpesvirus infectionan expected result but not extensively reported in the literature.
Although the most common clinical presentation of a-herpesvirus infection was mucocutaneous, nonmucocutaneous involvement-feared because of its more complicated course-was detected in 10% involving infections of the gastrointestinal tract and keratitis for HSV. Of note, the data included in the STCS database did not allow us to estimate the severity of the clinical presentation, particularly regarding the rate of disseminated herpes zoster and the subsequent incidence of postherpetic neuralgia. However, we could estimate that these infections were associated with a significant burden of disease because >93% of the patients received antiviral treatment and between 8% and 17% of them required hospitalization. Current immunosuppressive regimens have been related with higher incidence and more severe clinical manifestations of a-herpesvirus reactivation in some studies. Mycophenolate mofetil (MMF) was identified as an independent risk factor for VZV reactivation after liver transplantation (7, 21, 25) . Because the majority of the patients received MMF as part of the immunosuppressive regimen, it was difficult to assess the impact of MMF on the risk of infection in our study. Gourishankar et al found that the use of induction therapy was a risk factor for VZV reactivation after transplantation (7), but this was not confirmed in the present study. In addition, we did not identify the use of mammalian target of rapamycin inhibitors, an immunosuppressive drug with antiviral properties, as a protective factor for the development of HSV and VZV infections.
This study has several limitations. First and foremost, data on the severity and complications of the mucocutaneous involvement in VZV and HSV infection were not available in the STCS database, so we were not able to estimate the true burden of disease in view of a potential recommendation for the use of antiherpes prophylaxis in all patients not receiving anti-CMV drugs. We were not able to differentiate between HSV-1 and HSV-2 infections because of the absence of information on the localization of the mucocutaneous disease and the type of viruses involved. Moreover, we cannot exclude that some infections were underreported, particularly months or years after transplant, when patients were not exclusively followed at the transplant center. Finally, because very few D+/RÀ or R+ patients followed by the preemptive approach for CMV received antiherpes prophylaxis, we were not able to analyze them separately from those who did not receive any antiviral drug. Nevertheless, this is probably the largest cohort of SOT recipients with long follow-up for which the incidence and risk factors of these common viral infections have been assessed, and the results from this study may help delineate current guidelines for the management of HSV or VZV infection in the transplant population (4,26).
In conclusion, in this large nationwide cohort of SOT recipients, HSV and VZV infections were relatively common, with several cases of nonmucocutaneous involvement. Antiviral prophylaxis with ganciclovir/valganciclovir or acyclovir/valacyclovir had a significant impact on reducing the incidence of HSV infection after transplantation. Specific antiherpes prophylaxis might be recommended in patients not otherwise receiving anti-CMV drugs, especially after intensification of immunosuppression for acute rejection.
